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FOREWORD

This report has had classified material removed in order to
make the information available on an unclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NTPR) Program. The objective is to facilitate studies of the
low levels of radiation received by some indivicuals during the
atmospheric nuclear test program by meking as much information
as possible available to all interested parties.

The material which has been deleted is all currently
classified as Restricted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, (as 2amended) or
is ‘ational Security Information.

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
znd "noles" in the text. Thus the context of the material
deleted is identified to assist the reader in the determination
of whether the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurately
portrays the contents of the original and that the celeted
material is of Tittle or no significance to studies into the
@iounts or types of radiation received by any individuals
during the atmospheric nuclear test program.
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IN REPLY REFER TO:
AMXND-E 15 MaR 1966

SUBJECT: Ergata for NDL-TR-53 (AD 365-419), INITIAL GAMMA DATA FROM
NUCLEAR WEAPON TESTS (U), dated July 1965

TO: Distribution

It is requested that changes to NDL-TR-53 be made as indicated
velow.

a. (C-FRD) Page 19, Table 1l.1. Correct yields as follows:

Greenhouse George

Plumbbob Boltzman 11.5 kt
lardtack Humboldt 7.8x1073 kt
Fish Bowl King Fish

b. (U) Page 44, Table 3.2. Fourth column heading should be
"Density'. Second column values should be 1112.3 mb, 1009.3 mb and
1007.5 mb.

e. (U) Page 175, Table 3.100. Azimuth symbol for slant ranges
of 527, 1014, 1509, 2006, and 2505 yards should be "b" instead of "a".

Excluded’ ./ amatic down- Document consiscs ¢f __ 2 pages.
gradin aswRfication Copy /2.3 of 165 .
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AMXND~E 15 March 1966
SUBJECT: Errata for NDL-TR-53 (AD 365-419), INITIAL GAMMA DATA FROM
NUCLEAR WEAPON TESTS (U), dated July 1965

£. (U) Page 179, Table 3.102. Change heading of the third columm
to "Film Type" and add the following column:

Uncorrected Gamma Dose
r *

5550
1440
509
214

g. (SRD) Page 194, Table 3,111. Correct fission yilelds and
HE thicknesses as follows:

Shot HE Thickness
cm

Mora

Lea

Socorro

h. (U) Page 205, Table 3.119, Height of burst for Shot Johnie
Boy should be minus 192 feet.

i, (U) Pages 206, 209, 211, and 213. Tables 3.121, 3.122, 3.123,
and 3.124; units for slant range should be "feet”.

Lt Col, CmlC
Commanding
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INTRCDUCTION

1

)=

OBJECTIVE

(U) The main purpose of this r=sport

initial gamma-uose measurements mads by D cie:
at nucleszr weapon tests and the corceched

to make comparisons or to draw conclusions.

more deeply into these subjects.

1.2 BACKGROUND

(U) A comprehensive report summarizing the data from 1n;t1&l do32
measuraments (O to 1 minute after ictorad_on) made a% nuclear we

has been needed for somz time. The initial gamma dosz msz
here were made by the following DOD agencies: the US Army !
Laboratory (USANDL), the US Army Signal Research and Dewslog: arsri
(USASRDL), and the Radiological Safety (Rad Safe) Group at the test 2.
Gamma data which were compiled by the Los Alamos Scisntific Labora®
(LASL), the National Bureau of Standards (NES), and other ag2nci
preszanted whers DOD data are not available and where the da%a of

such
agencies are needed for comparison. Information corcerning the detonstion:
for which gamma dose data are available is presented in Taole 1.1. Tne
vields quoted are based on curresnt informaticn and may be subject pte;

minor cranges.

(J) The Departmen® of De’erse did nou fully pa

-

Gre=nhouse by the NBS and during Overaticns Ranger,

articine I
rment of gamma dose until Oper=ztion Twrmblar-Snaprer in 155«
Rad Safe had performed gamma-<cse measura2manis on 2 one-sn 3
Opera*icn Sandstone in 1948. Gamra dose was measursd durl

=

r

or 2 EJ 2
ol
N w0
o

Ivy almost exclusively by LASL. The US Army Signal Coryps
dose measurements at the underground and surface shots dur
Jangle; however, most of the detectors remained in Tallout

50 hours.

gamma dose. To provide energy indepondence and slecironic
various film holders have been used -- the most common ©
LAST holders. In addition, 31lver phosphata glass b;ock

(U) Film has been used at every operation since Sandsione to
e o 1

C
wn O
{ae
5
3 0Q

number of the operations with varying decracs of success. Bilologiczi-

S %

type gamma-dosimeters were htested Juring Operation Greeanouse. Howo7:T,

17



tre results obtained from all these systems were gquesticrned because of

tne neutron resvonse of the detector itself, as well as the inter=zcilon

of neutrons with the shield used to protect the detectors from blaszs

and thermal radiation. In many cases this interaction rroduced sufficient
secondary gamma rays to cause an appreciable increase in the total dose

measured by the detector.

(U) This report attempts to rectify this situation by correctirg
the initial gamma data for direct neutron interaction with the detect

Ll U

for the interaction of neutrons with the shields, and Tfor the atter:

tor,
ation

of the initial gamma rays by the shields. An evaluation of the gamma

dose produced by neutron interaction with the ground is also preserted

but not used as a correction since the ground is part of the [ixed snviron-
ment. To perform this work the USAMDL obtained direct neutron interaction
factors for available dosimeter films (References'l, 2, and 3) and correc-
tion factors for the secondary gammsz radiation producel by neutron inter-

actions with shields and soil (References L4 and 5). Direct neutron
interaction factors for glass and chemical systems were obftained by other
investigatars (References 6,7,3,9, and 10). During Operation Sun 3eam
the theoretical calculations which produced the correction factors for
shields and soil were experimentally verified (Referencs 11).

(U) Recent work has indicated that these gamma dosimeters are degpend-
ent upon dose rate and total dose in a complicated fashion (Reference 12).
Much more work will be necessary to clarify this situa=ion.

18
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2.1 GENERAL

(U) The gamma data were taken directly from weapon tes: (WI) revor
for each operation. Actually the reported gamma dose data are not stri
initial gamma data but represent garma doses recsived up to the
recovery of the detectors, often hours after detonation. R

ts
ctly

time or

ecant inrova-
tions have greatly reduced the exposure time of the gamra deteciors, but
during the earlier operations the gamma detectors remainzl in the field
for lengthy and offten unreported times, Most of tors were exposzd

upwind of the detonation to minimize the fallouf-gamms coniridutio

[ER=HEN =Y

Table 2.1 gives the recommended ranges of most of the dosimsters.
(U) Dosimeter films were the major gaM~9-maqsuring Sys
weapon tests. Films seem to be sensitive to every variszble known
markind, and they may be sensitive to some not known, Use of film a3

gamma dosimeter for controlled labvoratory. experiments pres

culties in interpreting the data; but use of film at weagon tests, where
little control 1is maintained and where the quality and type of racdiation
are unusual, presents extreme difficulties. The NBS and aluminum-v
(AW) film badges have minimized but not eliminated energy depende
the films. Minimization of the field variables has procr“‘ed

=
nlTo0

U‘

700d

to within 25-35 percent.

(U) Direct line of sight to the detonation point was =2
gammz. and neutron data. Where the gamma data overlapred :
of two films, an educated gues3s was made as to which film was
the original data were specified. Since the protective shields werse sy
always adequately described, a number of assumptions conecerning siz
thickness, and composition had to be made in some cases. Factors f
direct neutron interaction with film were determined only for film enc
in the NBS holder. These interaction factors were assumed to be appli-
cable also to the AW LASL film holder. Very limited experimental daf
indicate that the above assumption is reasonablu, at least for therm
neutrons. Finally, the neutron-interaction factors ottained for the =new

films were assumed to be applicable to the obsolete films of the sarme
dose range.

20



(U) TARIE 2.1 RECOMENDED DOSIVETER RANCES

A

Dosimeter Type

Recommand=i Rznge
r

Emulsion 502 0.3 - 10?
Emilsion 508 0.3 - 10%
Emulsion 510 10 - 357 R
Emulsion £06 35 - 25007
Emulsion 1290 (Adlux) 35 - 25007 a
Emulsion 548-0 (double coat) 1000 - 10,0CS
Emulsion 548-0 (single coat) 2500 - 5O,OCC§
Emulsion 649 25C0 - SO,GCCS
AgPOy glass 10 - 10,00% .
AgPO; glass 19 - lOg,CCO
Cobalt plates 107 - 10
Thermoluminescent 0.005 - 10,0C0
Chloroform 1 - ~ 100,000
Tetrachloroethylene 1 -a6d

aRarge depends upon method of processing and calibration procedurs,

LASL regularly us2d 513 emulsion only to 30,000r wherzas “he Signal

. Corps used the 547 extision to 80,000r.

OGlass that has n-* tesr heat-annealed.

CGlass that has beon heab-annealed.

dTnis is the over=ll w:cful range. To cover the rangs, inzidltors

mu3t be added ani eain combination of inhibitor and tesrachloroetny-

lene has its own useful range.

21
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.2 TEREATMENT OF NEUTRON FLUX DATA

(U) To obtsin ncutron data at staticns where such
s

reporied, grapnhs of neubron-flux-times-slant
range were prepar=d. Extrapolations were ma

tances of interest.

2.3 NEUTRON SENSITIVITY OF GAMMA DETECTORS

(U) The neutron sensitivities
energy as shown in Table 2.3. The
sensitivities can not be estimated

3
measurements. To use the fast-neutron sensitivities of those dosime

rarn
2 0

of the gamma detectors vary witin
reliapility of the fast-neutron

since the

22

values ars

“aken from



(U) TABLE 2.2 NEUTRON ACTIVATION DETECTORS

™ N e
Detector Reaction Products Neutron Irsrg
Measur=d
Auto? n, vy Auto® S 0.3 eV
5
A7 n, y As7® < 0.3 eV
23 o . C L
Pu"® Fission Mixed fission products > 10 keV
237 . . . . . ot 6 -
Np Fission Mixed fission products > 0.03 M=7
eee Fission Mixed fission produchs > 1.5 MeV

23
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for which values at only 1 MeV are available, the assumgnion must be mads
that the average value of the weapon's fast-nsutron specirum is 1 MeV.

At stations where the full set of neutron achivaticn dez22tors was not
available, an average energy of 1 MeV for fas% neutrons was assumed and
only the neutron sensitivities at 1 MeV were used for ary gamra detectors
exposed. Actually the neutron sensitivity values cbtainel for emu*sions
548 and 649 and the thermoluminescent dosimster were obtained by exposing

them to a fission spectrum and reporting the values at an average en2rgy
of 1 MeV.

2.4 DETECTOR SHIELD CORRECTIONS

(U) The corrections for the gamma doss producei by neutron in ntaractions
with-a number of popular shields have been reported in Refer=nce Loand
are reproduced in Table 2.4. The contributions of thermal neutrons
(radiative capture) and fast neutrons (inelastic scattering) have bee
taken into account. Induced activity in the shield is neglected (except
for aluminum shields), since calculations have shown tha%t ifs contribu-
tion is less than two percent. The inelastic scattering cross secfions
below 0.63 MeV are negligible.

[DN

o

(U)(Snﬁﬁj As the distance from ground zero increases, the gamma spectrum
hardens (Reference 17) and the attenuation factor for shields would b2
expected to decrease. For surface and low-air bursts of less than 500 x%,
the average gamma erergy is considered to be 1 MeV at distances from
ground zero to 1000 yards, 3 MeV from 1000 tc 30CC yards, and 5 MeV at

greater than 3000 yards. The spectrum of gamra radiation from weapons
greater thar 500 kt is expected to be considershly softer than that for
low-yield weaponz, since the major pcrtion of the dose is Helivered oy

the nj*fc¢Jnam‘ealWy enharced fissicr-produst radiation: For these

weapc .1, the average gamma energy is considzrad to te 1 MeV up to 2000
yards from grourd zerc ani 3 MeV for gr.ater distances. The shield 2%%2n-
uation factors are reported in the initial gamma dose tables for each shot

2.5 INTERACTION OF NEUTRONS WITH SOIL

(U) The gamry contribution from the intzaraction of neutrons witn
the s0il is reporied but has not been used to correct ths gamma data,
inasmuch as the soil is part of the fixed environment. By means of the
method outlined in Reference 3, the gamma doses were calculated for
various soils for fluxes of 1x10'2 thermal neutrons per sgquar= centimeter

25
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and 1x10*2? fast neutrons per square
contrioution at specific slant ran
actuzl thermal- and fast-neutron fluxes, th
actually absorbed by the soil, ari the buil
into account. Details are given in the App

oy
S
3

4

2.6 COMPARISON OF LASL AND ESL FILM DATA

(U) A comparison of the LASL film dabta with
tory (ESL) film data shows thai the LASL data a
the ESL data. An investigation into the cause

by 13 percent because of calibration difficuities. In c i
energy-independent ion chambers, the individual emulsion r 1
by use of the LASL holder were high by factors varying from 10
percent, and the individual emulsicn results obtaired by use of
holder were low by factors varying from 7 to 19 percent. The 1
calibration factor is used in this report to corrsct the LASL riim
Describing the LASL film data in this report as uncorr2cted, mears
the data have not been corrected for neutron effects but have been r
ted for calibration error. The individual emulsion corrsctions ars not
applied in this report, since they are applicable only at distances of

individual emulsion variation is assumed to be due to the =nerzy deyp
of the emulsion: +the emulsions in the LASL holder are mores saasit

the correction factors should be different. Currentl £
the LASL and ESL gamma data appears to present a good estimats of the
ganma dose.

(U) An example of the calculations used to obsain the correction
factors is presented in the Appendix. Formulae for correcting tins
to other air densities are also presented in the Appendix.

(U) All shot information was obtained from References 19 and 20.
Unless otherwise specified, the meteorological data were obtainsi at
levi:l. The meteorological data tables include slant
factors and dose—correction factors as well as ftems
density values.

27



CHADPTER 3

RESULTS

3.1 OPERATION SANDSTONE

(U) Operation Sandstone, conducted at the Pacific Proving Groundis
(PPG) durinc April and May 1948, corsisted of three to~=r okota. A su"*—"y

gl l

conditions at sbot time are glven in Table 3.2.

(U) The gamma measurements were performed by Rad Safe (Task Group 7.6)
with £film badges (Reference 21). Six film types covering the range from
0.05 to 22,500 r were packaged in lightproof packs with a l/°2 inch lead
cross over the front, and sealed in an aluminum-foil jackzt. The film
badges were attached to 2x2x3/16—inch angle-iron staxss at distances of
less than 1000 yards and to lxlx3/l6-inch angle-iron stakes 3t distancss
of greater than 1000 yards. Energy depend=ance of the Iilm badgs was
poor, since excessive response to radiation below 300 kxe¥ was noted. A
the film badges remained in the field for 12 to 30 hours after detorati
generally in the upwind direction. Residual contaminztion was estimat
from field survey data to be negligible as compared to the fiim readin

R T

[ O =
.
-

(U) Neutron-flux measurements were made by Los Alamos Group LAJ-3
with threshold detectors (Reference 13). Since no plutonium data were

available, the total fast-neutron flux was calculated as described in
Chapter 2.

(U) The garr= data and corrections are presentel in Tables
and 3.5. Figures 3.1, 3.2, and 3.3 show the corrected gemmz-108

the-slant-distancz-squared as a function of slant diztance.

3.2 OPERATION RANGER

(U) Operation Ranger, the first operation at the Nevada Test Site
(NTS), was conducted during January and February 1951 and consisted of
five airdrops. Shot information is summarized in Table 3.6, and meteorc-
logical data are presented in Table 3.7.

(U) Gamma measurements were obtained with film dosimeters by the
Rad Safe group of LASL for all the shots (Reference 22). Three film types
covering the range of 0.1 to 3000 r were packaged in a lightproof paper
jacket with a 1/8-inch lead clip placed over each unit, sealed in a plastic

28



jackes, and placed betwesa two 1/2-inch wood
gether by an aluminum box to approximzte the r
The film badge was attached to angle-iron stax
were not reported. Two lires, 90° apart, were ins:ruws:
Road ran due south and Access Rozd ran due west. Recover
5 to 6 hours after detonation; but, since no local fallou
recovery time was not criticzl.

bt

-4

-ty 40

o o

14y b
[
O AL
ot
<
V=

45}
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=

(U) Thermal-neutron measurements were mad2 by LASL with
(Reference 13). No fasu-neutron measurements wers mais
neutron flux for Shots Able and Fox might have been estimzat
neutron data from these shots had been found to be comgarsd
neutron data from the similar Shots Tumbler II and Buster Docg. FHowsavar
since the gold-neutron data agreed only within a factor of two, estirmat

2 on
of the sulfur-neutron flux by this method would be inzzcurate.
(U) The uncorrected gamma data are presented in Tables 3.8 thru 3.12,
and the uncorrected gamma-dose-times-slant-distancs-sguar=d versus slant

distance are shown in Figures 3.4 thru 3.13.

3.3 OPERATION GREENHOUSE

(U) Operation Greenhouse consisted of four tower shots detorated at
the PPG during April and May 1951. A summiry of the shot inforrzticn is
presented in Table 3.13, and the meteorological conditions at shot tim2
are given in Table 3.1k.

<

2]

(U) The gammz measurements, which consistad of the use of

Tilms en2ass
" in NBS holders, were obtained by the NBS (Reference 23). Four Tilms wars
used to cover the range of 0.1 to 80,000 r, but one -- the Easimzn 53202
3

positive -- was used as a performance check of the DuPont 805. Tre
film holder consists of thin layers of tin and lead to proviie r
energy independence,and a thick layer of bakelite to provide ele .
equilibrium. The Illm badge was attached to a 2—-1nc" pipe. Since'*
further information concerning the pipe is given, the pige is assur=d to
be of steel and 1/8-inch thick. No azimuth was givern from grourd zero.

No corrections for the effect of fallout need to be made since the fallout
was negligible (Reference 24).

(U) Neutron-flux measurements were made by LASL, with gold and sulfur

detectors (Reference 25). The fast-neutron flux has been agzin calculatzd
from the sulfur data.
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(U) The gamma dazta and the neutron corractions are presentzd in
Tables 3.15 thru 3.18, and the plots of gammz-dose-times-slant-range-
squared versus slant-range are shown in Figur=c 2 3 tihra 3.17.

3.4  OPERATION BUSTER-JANCLE

(U) Cperation Buster-Jangle consisted of seven shots at thz NT3:
the first was a tower shot, the next four were airdrops, the sixth was
a surface shot, and the last was an underground shot. A summaer; of ih
shot information and the meteorological conditions at shot time is pre
sented in Tables 3.19 and 3.20.

1y

(U) Gamma dose measurements were obtained by LASL (Referezze 26) from
all detonations except Able and the surface shot, and by Signal Corps
Engineering Laboratory (SCEL) (Reference 27) from the surface and under-
ground shots. LASL used a series of five films to cover the ranze of 0.1
to 30,000 r. The films were expossd in the AW holder atfacred to an argle-
iron stake driven into the ground. Films were recovared from 3 to & hours
after detonation. No local fallout was recorded for the first Jive shots
(Reference 2L).

(U) SCEL also used five films to cover the range from 0.5 to 10,000 r.
The films were exposed in NBS holders, but the report deces not mention
how the film badges were positioned or whether shields were used. Unfor-
tunately, most of the films remained in the fallout field up tc 50 hours
after detonation. To ascertain the initial gamms dose, the fallout dos=
from one minute up to recovery time must be subtractsi
Tre fallout data were obtained from Reference 23,

o

from totzl dose.

(U) Neutron-flux measurem2nts were made by LASL (Reference 29) fur
the first five shots. Gold- and sulfur-neutron data for the surface o1
underground shots are available in Reference 13.

(U) The gamma doses and the neutron and fallout corrections are pre~'
sented in Tavles 3.21 thru 3.26. Graphs of corrected gzmmi-docz-times-

slant-range-squared versus slant-range are given in Figures3,1- thru
3.21.

(U) The neutron fluxes for the surface and underground shcts at the
slant ranges of interest are too small to permit meaningful corrsction
factors to be obtained, and the initial gamma doses obtained by correcting

for fallout are very erratic. Therefore, no graphs are presentzd for
these two shots.
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3.5 OPERATION TUMBLER-SNAFPPER

(U) Cperation Tumbler-Snapper was conducted at the NIS during April,
May, and June 1952. The operation consisted of four airdrops and four
tower shots. The pertinent shot information is presented in Table 3.27,
and the meteorological data at shot time are presented in Table 3.28.

(U) The gamma measurements were made by two groups: LASL (Reference
30) and SCEL (Reference 31). TLASL used film in the AW holder,mounted on
angle-iron stakes; SCEL used film in the NBS holder aftacred to aluminum
stakes. Neither group mentions azimuth or fallout eflects -- except for
Snagper IITI -- when the cloud passed over the LASL line. It was assumed
hat the films were placed upwind of the other shots where fallout had
ittle effect. However, the LASL results are consistently higher than
ne SCEL results, and possibly the LASL films recorded some fallout radia-
ion. Shot 1 was not instrumented for gamma measurements.

€

ct ot ot

(U) The neutron data for Shots 3, 4, and 8 were taken from measure-
merts made oy the Kaval Research Lab (NRL) (References 32 =24 14%). The
TASL obtainesd neutron data at Shots 4, S5, 6, 7, 8, which zrz recorded
in Reference 33. Reference 13 records neutron-flux data for all eight
shots during this operation.

(U) The SCEL gamma data for Shots 2 thru 8 are presented in Tables
3.29 thru 3.35 with their appropriate correction factors. Tables 3.36
thru 3.42 give the LASL film data without neutron corrections. Figures
3.22 thru 3.28 present the corrected SCEL gamma-dose-times-slant-range-
squared versus slant-range.

3.6 OPERATION IVY

(U) Cperation Ivy, held at the PPG during October and November 1952,
consisted of two large-yield shots: Mike, a surface shot, and King, an
airdrop. ©Shot information and meteorological data are given in Tables
3.43 and 3.44, respectively.

(U) Camma mezsurements were made oy LASL on both shots with film
(Reference 34). The film types used are the same as specified for Cueration
Tumbler-Snapper. To obtain initial gemma data in the heavy_fallout fleld
expected from Mike, a film-drop gadget was used whereby films exposed to
radiation for a predetermined time would automatically drop below ground °
level into a radiztion-protected area. Unfortunately these gadgets did
not work, and many were filled with water, sand, and debris. The few

31



films that did drop indicated much smaller dcses than those fiims which
remained above ground. Althougn the tima of drogrpirg is un krcVn, the
films might reasonably be assumed to have dropged befors t arrival of
fallout. Only the dropped-film data ars presented with errcr limiIts which
do not include the error due to dropping time. No neufron corrsciions are
presented since the neutron flux was negligible.

(U) The AW film badge was assumed to be bolted to a“g_e-iron stakes
for Shot King. All film badges located from 700 to 17C2 yards Ifrem ground
zero were destroyed; the rest were recovered the daj after the shox Surve
readings indicated that residual activity was negligibi=. All gamma sta-

tions for both shots were on land.

(U) Reference 13 gives some gold and sulfur data for the two shots.
These data were extrapolated to the slant ranges of interest

(U) The gamma data for both shots as well as the n2ufron corrzciions
for Shot King, are presented in Tables 3.45 and 3.46. Correctsd zarma-
dose-times-slant-range-squared versus slant-rangs for Shof King is given

in Figure 3.29.

3.7 OPERATION UPSHOT-KNOTHOLE

(U) Operation Upshot-Knothole was conducted at the NIS frem March to
June 1953. The operation consisted of 11 detornations highlighzed by Shot
10, which was an atomic weapon fired from a cannon. The pertirent shect
information and meteoroclogical data are given in Tables 3. b7 and 2,48
respectively. It should be noted that in some of the WI reporis Ior this
operation, the order of Shots 5 and 6 ard Shots 8 and § was revarszad
Table 3.47 lists the shot numbers strictly according to chronocl oglc
date of detcration.

L
[§

CV:KS/RST_Initial gamma measurements were made by LASL (Reference 35)
for Shots 5, 6, 10, and 11 and by SCEL (Reference 36) for Shots 1, 2, 3,
5, 6, 7, 8, 9, and 10. The SCEL gamma detectors consisted of five film
types encased in NBS holders and attached to aluminum stakxes assum=zd to
be 1/b-inch thick. The film range was from O to 12,000 r. The detectors
were recovered approximately 3 hours arter detonation. No azimuth is
given for Shots 1, 3, 6, and 9, and no mention is made of corrschinns
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being necessary for fallout contributions. From comparison of fallout
contours for this cperation (Reference 24), the initial gamma detectors
obviously were plzced far enough from ground zero, if they were in either
the upwind or cross wind direction, for the fallout effect to be negligi-
ble. Large limoniie blocks were placed in the towers for Shots 2 and 7

in such a positicn zs to attenuate the radiation east of the tower. Tne
gamma line for Shot 2 was east, and the gamma lines for Shot 7 were east
and south. Only the south line data are reported for Shot 7. Neutron
corrections were made in Reference 36 for the gamma data obtained for Shot
16. The neutron ccrrection factors used in Reference 36 arz erconecus

and the neutron fluxes used are suspect. SCEL was cne of the groups which
reversed the order of Shots 5 and 6, and Shots 8 and 10. SCEL reporied
distances as radiasl distance from GZ, not as slant range.

-V

2 AW holder attached to angle-iron staxes. The films =overed the
ringe from 0.1 to 2000 r. No azimuths are given for Shots 5, 6, and 11,
srd no mention is mzde of fallout affecting the detectors. “ariaticon of
grrma exposure with neight above the ground, frem cne-kalf .ot to 10
feet, was measured 2zt Shot 10; the variation did not exceed x5 percent
for the slant distances of 2000 to 3000 yards.

LQ [5<®D) LASL obtained their gamma measurements from five film types
in tH

(U) The garma data obtained by the two projects agreed fairly well
for Shots 6 and 10. The LASL data were slightly higher for Shot 5.
Qh‘ﬁé:;g?'Neutron measurements were made by LASL (Reference 37) for
Shots 1, 2, 3, 5, 6, 7, and 10, and by NRL (Reference 38) for Shots 8,
9, and 10. The nsutron data for Shot 10 were taken from NRL data.
Unfortunately, scoze of the LASL neutron data were taken for diagnostie
mezsursments and were unusable for this report.

Plutonium-nsutron acata
are available for Shots 8, 9, 10 (Keference 39J. Since this was the
first attempt to mzasure neutron flux with plutonium detectors and the
objective of the project which obtained the plutonium-neutron data was
to obtain ratios Tetween neutron flux inside and outside Civil Defense

shelters, it was decided not to use these data.

(U) The SCEL gzzmma cdata and the neutron corrzctions, whar vail
are presented in Tzbles 3.&9 thru 3.57. Curves of the SCEL gzrma-dose-
times-slant-distance-sguared versus slant-distance are presented in

Figures 3.30 thru 3.38. The LASL gamma data and neutron-flux data are
given in Tables 3.58 thru 3.61. The LASL gamma data for Shot 11 times-

slant-range-sguar=3d varsus slant-range are presented in Figure 3.39.
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3.8  OPERATION CASTLE

(U) Operation Castle wzs conducted at the PPG during the pericd iarch

thru May 1954. The operation consisted of six detonations: two lani
surface ard four barge shots. Pertinent shot informatliorn and m
ical data for the three shots for which gamma data are avzilal

sented in Tables 3.62 and 3.63, respectively.

(U) Initial gamma measurements were attempted by the USA Signal

Engineering Laboratories (SEL) for Shots 1, 2, 3, b, 2nd 6 (Referance L0).
Most of the detectors were either debtroyeﬂ or conbat;:ate so that d=zta
from only nine stations from Shots 3, 4, ard 6 were usztle. Data wer=
obtained from NBS film badges and chemical dosimeters shielded by 0.25-inct

aluminum pipes.

(U) Neutron data for Shots 4 and 6 are available frcm Reference 41,
Data from only two neutron stations are reported for Shot 6, and only two
of the eight stations for which neutron data are available for Shot b
had clear line of sight. No neutron data wers obtairsl for Shot 3. Irn

general the neutron results are inadequate because of contamirnation,
excessive time lapses before recovery, and loss of stations.

(U) The gamma data from Shots 3, 4, and 6 are presented in Tables
3.64. DNo neutron data or corrections are shown. Curves of gamma-dosz-
times-slant-distance-squared versus slant-distance for Shots 3 and & are
given in Figures 3.40 and 3.L1.

3.9 OPERATICON TEAPOT

(U) Operation Teapot was conducted from February thru May 1955 at
the NTS. The operation consisted of fourteen detonations: ten tower
shots, three airdrops (one of which was a high-altitude detonation), and
one underground shot. Table 3.65 provides the pertirent information for
the shots for which gamma measurements were made. The mefeorological
data are given in Table 3.66.

W

tion Teapot; however, only the LASL (Reference U42) and USA Signal Res;a
and Development Laboratory (SRDL) (Reference U43) projects wers mainly
concerned with free field initial gammza measurements. Gamma daza from

=2

chemical dosimeters are presented for Shots 9 and 10 (Refsrence LL) %o

(U) Gamma measurements were made by a number of groups during Cper
L

o

supplement the SRDL data. These chemical dosimeter values are considered

a

to be less accurate than the film data, since the fasf-neutron sensitivity

of these dosimeters was unknown. Edgerton, Germeshauzen, and Grier, Inc.
(EG&G) reported many film gamma measurements for a shielding project
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slaﬂt rang=. No n
because a weakx film 4
ported here.

(U) Los Alamos Project 13.3a (Referenc
the discrepancy between the Los Alamos AW Ti
badge results, by comparing them with ensrzy
chamber readings. The results weres discussed
AW badges werz exposed on metal stakes to the dia
9, 13, and 14. The measurements obtained from Shot 13 wers
the cloud passing over the instrument line. Tne NBS film-!
obtained by LASL are presented tb supplement the SEDL ga::a
distinction is mads between the two in the table. :

\'D()

o

Io?

The 3¢
ot
.
Shcts Q,
ffexz=2d
ze T23U
ata and

(U) The bulk of the gamma data reported was obbtained from the
measurements. The NBS film badges were exposel in aluminum holdsr

to metal stakes. It was assumed that the aluminum hollers were 1/

thick so that attenuation of the gamma radiation was negli
dosimetérs were exposed in the upwind directicn and rescovs

LT -

practicable; therefore no residual radiation corrections were
The film badges were exposed in 3/8-inch steel drop canisters

wW2re

altitude shot. Windows covered with 1/16-inch alwminum ware

the canister to expose the film. However, if the radiation did not
directly through the aluminum window it had to pass through &

as well as the surrounding instrumentation which was not des
the orientation of the canisters is not repcried, no shield
were m= 2 for this shot.

(U) SRDL used "betatron correction factors" to accournt

ence in calibration curves for ths various emuisions when

183ing [N

1S '.l5 -t

tion as opposed to betatron radiation. These factors are ignorel
report, since "betatron correction factors" reported in Appendix C
Reference 45 -- which were obtaired by use of the same betatron o

and film eumlsions as those used by SRDL -- do nct agree with SRDL

SRDL considered the "betatron correction factors” for previous ogper

to be negligible except for 508 film emulsion which was not ussi

Operation Teapot. No experimental confirmation was obtained fer
g

"betatron correction factors", during subsequant operatiocn

(U) The underground detonation, Shot 7, was instrumeazed -
film badges to obtain residual radiation measurements ard is nc-

in this report. The Shot 11 gamma data out to 1204 yards are a 2omg
of 0°, 45° and 90° lines. The gamma data at 412, 510, and €08 yaric
Shot 11 are questicnable because the emulsionsused at these stationc

were exposed below or above their normal ranges.
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U%Kg,?ﬁﬁ Most o

f the neutron data are taken from ce L& pregared
by -tke NRL, The data are presented in the form of zhs of nvt-ftimas-
= versus slant-ran and are therefore subject to ~2rpretlive errors
The gold-reutron data for Snot 5 show a large upwar: iation Tfrom the

straight-line curve at distances closer than 550 y:
firmed by neutron data obtained from Reference hh. thermal-neutron
dzta used in this report for Shot 5 are the actual mezsurements and not
the straight-line extrzpolations. The sulfur-neutron iata for Shot 3
seem low when compared to those for Shot 11, the same Zevice with oniy
few modifications. The Pu, Np, and U data for Shot 11 were ootainsd at
only four distances and no closer than 510 yards. The extragolation
of the neutron curve for Stot 11 may be somewhat in error, esgecially

exueeded the total dose on the film at 316 yvards 2lso indicates that the
extrapolation of the neutron curves to the shorter distances may de in
error. The total fast or Pu neuiron flux for Shot 3 was estimz*2d using
Pu to S ratio for Shot 11.

(U) The gamma data are presented in Tables 3.67 %aru 3.79. Curv
of gamma-dose-times-slant-range=squared versus slant-rznge are presen
in Figures 3-42 thru 3.54.

e
4
C

3
ad

3.10 CPERATION REDWING

(U) Operation Redwing was conducted at the PPG from May thru July
1956, The operation consisted of seventeen detcnations: two airdrops,
five water-surface shots, three limited-land-surface shots,
srots, and one shot on a barge in shallow wazer over 2 ef, Table 2.T
n successful
a are given in

crovides the pertirert information for the shots for whi
zzmmz measurements were obtained. The mebeorologica1 da
Zable 3.81,

ot
re
<
T

(U) Gamma measurements were made by SEL (Reference 47), LASL
(Reference 48), and the US Army Chemical Warfare Laboratories (CWL) (Ref-
erence 49). LASL attempted to differentiate the initial-gamma-radiatiors
versus time by using films in "drop gadget" instruments during Shots
Takota, Navajo, and Tewa., Only data from Shot Navajo were usable.

(U) SEL obtained initial gamma data from Shots Zuni, Flathead, Daxo
havajo, and Tewa. The NBS film badge positicned in z naumber of diffarenc
snields was used as the primary dosimeter, Station ard mutual dosimeter
snielding factors (effects of one detector on another) were calculated

This fact is con-

at distances closer than 510 yards. The fact that ths neutron corrections

T4,

SEL. However, the estimation of the average gzmma energy at the disTance
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of inter=st was incorrect and new gammz shieldirg fact
for use in this report. Film normalization facizrs (b y
were used by SEL. They were the same factors az those use

uring

COperation Teapot, since betatron calibrations cculd not be mads for this
i r
= o

o
o

Operation. Again, as for the Teapot data, thesz factors are
Corrections for preshot and postshot residual ccntamination w
by using drop-type mechanisms, field surveys, ardl estimztions.

(U) CWL was mainly interested in neutron rzasurem
dosimeters were placed in 0.L43b—cm thick and 1.5-inch
pipe nipples to measure gamma as well as neutrcr dose
Blackfoot, and Kickapoo. The US Air Force (USAT) ard

Commission (AEC) supplied chlorinated hydrocarton systems to measu
dose.

(U) The USAF chloroform dosimeter provided the bulk of the garma
data. The type of chemical used in the AEC cherical dosimster was not
elucidated. Thermal-neutron corrections were rade on the USAF chloroiorm
dosimeter using the value of 1.5x10° n/cn?/r recommand=d in Refersncs 10.
The USAF chloroform dosimeter is claimed to be "fast reutron insensitive”
However, the interpretation of the term "fast reutron insensitive” is op=n
to question, since no definite sensitivity values have been ooualwed. No
corrections are presented for the AEC chemical dosimeters.

(U) Neutron data for Shots Yuma, Erie, Blzckfoot, and Kickapoo are
available from Reference 49. No extrapolation of the data was necessary,
since the neutron and gamma measurements were made at the same stations.

No neutron data are available for Shots Zuni, Flathead, Dakota, Navajc,
and Tewa.

(J) The g omma dn= and neutror correctiorns (where available) are
tabwlated in Tabnles 3.22 thru 3.90. The staticn and ~utual shielding
factors are prezented for Shots Zuni, Flatheas, Dakota, Navajo, and

X) +7

— iy

Tewa, but the shield corrections are not pressated s1nc= neutron cor

TV

r2o-
tions must be made first. These results are correctei for residual and

preshot exposures. Curves of corrected gamma-Aose- ires-slant-range-
squared versus slant-range are given in Figursz 3.55 thru 3.63.

3.11 OFERATION PLUMBBOB

(U) Operation Plumbbob was conducted at the NTS from April thru Ociober
1957. It was the first operation in which a nuclear device was suszanded
from a balloon for detonation and the first in which rocket delivar" of a
nuclear warhead from an in-flight aircraft was emplcyad. The op=ra®ion
consisted of thirty detonations: one one-point shot, one tunnel shot, five
safety shots, one air shot, nine tower shots, and thirteen balloon zhots.

A sumrmary of the shot 1nformatlon is presents? in Tatle 3.91, anl the
meterorclogical conditions at shot time are given in Table 3.92.
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(U) Gemma measurements were mads by SRDL (Reference 50), US air
Force School of Aviation Medicine (SAM) (Referesnce 51), Air Forca Sgacial
Weapons Center (AFSWC) (Reference 52), EGAG (Reference 53), ard a number
of differsnt agencies for Program 2 durirg Shot LaPlaces (Refersrce Ly,

é )Z,;P" AFSWC measured the variation in gamma dose with hel
groUnd using a variety of detectors and found that the zgamra do
by about a factor of 1.3 at an altitude of approximatsly

deduced that the initial gamm= radiation is nearly monciir

that the bulk of the scattersed radiation is of low ene:

(SR

sented herein to supplement the other garmma data. Hurs< a
(Reference 55), using fission foils and chemical dosim2tsrs in
confirmed that the ancular distribution of the neutrcon and gam
at the ground was insensitive to,weapon and distance ard thau the
buildup was approximately 30 percent.

(U) The EG&G film gamma data are presented only for shots wh2rs no
other gamma data were available. EG&G used a weak film devslopar, Kodax
D-76; the neutron effect on film is impossible to determine wh2z &

developer is used (Reference 56). Information was also lacking

position and type of stations. The EG&G film badge is very simil
the NBS film badge.

(

(U) The SAM used the tetrachl oroetnylene two-phase chemiczl dosim-
eter to measure the initial gamma dose. The dosimeter is claim=d %o be
fast-neutron insensitive; that is, if exposed to one rep of fast rsutrons
with no gamma rays present, the dosimeter would gensrate 0.83 percant
as much acid as it would for 1 r of gammz radiation. Ther=f{orz, no corre:i-
tions ares necessary for fast-neutron sensitivity. The dosimefzr 15
thermal-neutron sensitive. Reference 10 reports that 5.5x1 0° thermal
neutrons per et produce as much acid as 1 rep of gamfﬂ rays. During thi

operation lithium shields in 1/bL-inch-thick aluminum "3eer Mugs" wer
used to reduce the thermal-neutron flux. Pagz 23 of Refersnce 51 states
"If no gamma rays are present, 3. 25x1013 thermal neutrons genzrat

much acid as 17r of gamma rays in the two-phase tetrachlorcetrnylerne sys
This is erroneous since it conflicts with statements in Referzacs 10 by
the same author and with Reference 57 which states thzt 3.25 «10"% the
neutrons generate as much acid as 17r of gamma rays wh2n the dosimester
is encased in the lithium shields. Corrections for thermal-neufron
effects were not made when the dosimeter was encased in lifthium. The
chemical dosimeters in the "Beer Mugs" were hung from steel gcal zos®s
at approximately 3 feet above the ground.

(U) SRDL exposed film in NBS holders to measure gamra dose. Most of
the film was exposed in the photographic-dosimeter traasport mecharism
(Emmett) designed to measure gamma exposure in cone-second increment

3
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ime interval from O to 20 secornds. Totza
idz the Emmeth device and from film
evice (1/2 EmmOLu) anrd fle

SRDL did not recommend the use of "betatron cor

all shots of interest. Most of these residual values ware esi
The residual radistion contribution from sacn shot for which a
recovery time were reported was. determinsd to b2 negligiblie.

(U) The neutron data were obtained by USAIDL (R
the Oak Ridgs National Laboratory (ORNL) (Refarzrnce
presents the neutron data in the form of g
slant-range-squared versus slant-rangs, an
errors. For those shots for which gold-neut
gold-neutron data were estimated from the ratio of
similar shots.

S

(U) Reference 58 presents the neutron data in tadbular form as w2ll
as graphically, thus allowing more precise determination of flui valuss.
Neutron data for Shot Priscilla at distances between LQOO and 6CC yaris
were very erratic and did not follow the parallel-line assumption. The
placement of the detectors appeared to be the disturbing factor. Thes=
detectors were placed among many structures and other installations,
which may have caused scattering and other disturdancss in the flux Tisld.
These measurements, although an indication of the actual flux at the

roint of measurement, probably did not give a true picture of the iree-
field flux. For the free-field flux at these distances, the values taxsn
from an extrapolation of the curve obtainedi from graphing flux-2im2s-siant

=D

rangz-squared versus slant-range protably give a more realistic Tizurs.

- ' . - -3
(U) Neutron fluxes from Shot Smoky were obtained to evalus®2 tre
effects of terrain on neutron measurements. Since the terrain effectis
were pronounced, the neutron data can not be extrapolated to disfances

other than thcse at which actual measurements were made.

(U) The gamma data corrected, where possible, for neutron effects
are presented in Tables 3.93 thru 3.110. The film data regorted are taxe:_
from NBS film badge measurements uniess stated otherwise. Curves
dose-times-slant- range-squarad versus slant-rang= are shown in Fig;res

3.64 thru 3.81.

3.12 OPERATION HARDTACK

(U) Operation Hardtack was a two-phace operation: Phase I was con-
ducted at the PPG from May thru August 1958 and consisted of 35 shots
which included the first very-high-altitude detonztions; Phase II was
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conducted at the NTS from September thru Cctover 1958 arnd consistei of

37 shots. A summary of the shot information for the six shots for which
initial gamma data are available is presented in Table 3.111. The reteoro-
logical conditions at shot time are given in Table 3.112.

(‘ T3=n>3 Gamma measurements for Shofts Fig, Hamilton and Humvolit
were provided by CWL (Reference 59). MBS film badges in steel coriulets

which were screwed onto steel stakes were the principal detectors used.

For Shot Fig, the detector stations were placed as follows: thirty-six
film-badge stake .stations on land; four Emmztt devices on land; eizht Tilm-
badge stations on land and water along the Project 2.hka neutron lire; and
seven film-badge stations hung vertically from the Project 2.11 balloon
cable. The slant ranges reported for the balloon line are not exa:i since
the position of the cable was estimated. Also, this estimated slan% rangs
would apply only for the prompt and nitrogen-capture gammz ard not for

and

o
the fission-product radiation since the fireball and cloud raridly as
and this radiation source would pass within the same distanzs for c
detector. It must also be remembered that the air density decr
altitude and may affect the gamma results. The 143° line was
to the long axis of the weapon.

(p)'TSTRSQ.The main gamme instrumentation for Shot Hamilton comprised 96
film-badge stakes and 4 Emmett devices. These data were lost beczize of
an accident during film development. The films used for gammsz suzzort

measurements for Project L.2 were undamagsd (Reference 60). Trhe 150° ard
330° lines were perpendicular to the long axis of the wearvon.

(J)-C?ﬁg;; Srot Humboldt was unexpectedly moved to another area ons day
prior to shot day; thus only one line could be instrum=nted. Film badzss
in pipe nipples were attached to the neutron line out to 400 yards and
were pulled out of the area within 10 minutes after detonation. Farther
out, film badges were taped to stakes and goal posts of unknowsm ccmpositicn
and dimensions. This line was perpendicular to the long axis of %the weagpons

U TERB) Residual contamination was generally negligible.
station at Shot Hamilton was in the upwind direction ard th
was less than 10 r/hr at H+l hour. The 30-yard station on
for Shot Fig was recovered within 5-10 minutes. All the wate
were recovered within 10 minutes. The residual contamination, d:
Shot Fig were obtained from Reference 61. The H+l-hour reading

used to calculate the total residual dose from 10 minutes to the
recovery (24 hours).

Lo



(U) rzutron data wére obtained by CWL for Shots Fig, Hamilton, and
Humboldt, znd reported in Reference 62.

(U) Tre gamma and neutron data for Shots Lea, Mora, and Socorro were
obtained by ORNL and reported in Reference 63. The gamma dosimeters
exposed were tetrachloroethylene chemical dosimeters and AgPO, glass rods
in the ORINL aluminum "Beer Mug" shield including natural lithium shielding.
The gamma znd neutron data were presented as "normalized" data for Shots
X, Y, and Z (Lea, Mora, and Socorro). The appendix to Refarence 63 provides
the clues necessary to correct the normalized data to actual data for the
actual shot. The "scale factors" reported for the neutron data were in-
correct. £ private communication (Reference 64) from the authors of the

report stztes that the reciprocal’of the neutron "scale factors" should
be used.

(U) Tre zamma data are presented in Tables 3.113 thru 3.113. Gravhs
of gamma-dose-times-slant-range-squared versus slant-rance are

shown in
Tigures 3.22 thru 3.87.

3.13 CPERATION SUN BEAM

(U) Creration Sun Beam was conducted at NTS in July 1962. The opera-
tion consisted of four shots of small-yield weapons close to the ground.
A summary of the shot information is given in Table 3.119, and the metecro-
logical conditions at shot time are presented in Table 3.120.

(U) Tre USANDL measured the initial gamma dose for the four shots
(Reference 11). The detectors used were film in FBS holders, glass micrc-
dosimeters in tin-tantalum-teflon holders, cobalt-glass plztes, calcium
fluoride thermoluminescent dosimeters, and formic=acid chemical dosimeiers.
The formic-acid dosimeters yielded no usable data and the thermoluminescen
dosimeters were generally lower by a factor of three as compared to the
other three dosimeter systems. Only a few thermoluminescent desimeters
were exposed, and the results are not presented in this compilation. The
dosimeters were exposed mainly in steel pipe nipples which were attached
to pull-out recovery lines. ©No residual radiation corrections are necessary
in view of the early recovery of all dosimeters. Protection from thermal
neutrons wazs, in many cases, provided by a shield of lithium-6. The cobalt
vlates which were not protected by Li® vielded cata which are susgpect
since the thermal-neutron correction is very large and not accurately known.

L1



Tre 649 film data, especially at the closer stations, gave anczalous
results after corrections. At some stations the fast-neutron corr=sction
wes greater than the uncorrected gamma dose. This may be due o an error
in the fast-neutron correction factor, but more likely it is duz to dose-
rate dependence. The 643 film provided much better data at mor:
stations where the dose rate was lower, although the neutron-cor
factors were the same. Some dosimeters were exposed in nylon 2
nylon screw-type plugs. The thermal-neutron flux inside trese nylon
shields was generally higher than the thermal-neutron flux outside the
snield by a factor of 2.2. This is taken into account in corr=cting the
data obtained in nylon shields.

distant

(U) The neutron data were obtained by USANDL and reported in FRererence
65. Neutron and gamma data were obtained at the same stations. Some of
the neutron data points are far removed from the smooth curve of the RIP
versus D plots. The meke-up of the stations may have caused this devia-
tion. The neutron data used are the actusl data obtained at ezch station.

(U) The gamma data are presented in Tables 3.121 thru 3.124 . Graphs
of gamme-~dose-times-slant-range-squared versus slanf-range are shown in
Figures 3.:98 thru 3,93,

3.14% OPERATION FISH BOWL

(U) Operation Fish Bowl was conducted at the Johnson Islznd Test Area
during the summer anrnd fall of 1962. The operation consisted of ten high-
altitude de%tonztions, five of which achieved a nuclear yileld. Pertiirent
shot informztion is presented in Table 3.125.

(U) Gamm> mezsurements were made by USANDL (Referesnce &4). The main
detectors were film in NBS holders, silver—phosphate-glass microdosimeters,
and cobalt plates. The gamma instrumentation was contained in three re-
coverable pods for each shot. The pods were attached to %the launch vehicle

and released at the proper time during the early part of the trajectory.to
place them at various distances from the detonation point. Tre three g
instrument packages per pod were placed at the center of the pod and we
surrounded by various objects and cushioning. Some of the cotzlt plate
were placed in the neutron-detector packages which were placeZ at the r
bulkread and presumably were so oriented that they looxed directly at
the burst. The cobalt plates in the neutron package racorded

than that recorded by the cobalt plates in the gamma packag

e
=
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shielding arcurd the gamma package would indicate that the reverss should
be true. However, much of the shielding was 2 high-hydrogen-content cush-
ioning. This material may have thermalized scme of the fast neutrons

and provided a higher thermal-neutron flux at the gamma tacksge than at

the neutron package. Since the cobalt plates are highly thermal-neutron-
sensitive, this thermalization effect may havs been the causz of the
discrepancy in the readings.

(U) Neutron measurements were made by the USANDL (Rafersrce 65). MNo
thermal-neutron-flux values are given because of the doudbtfulnezs of the
validity of the small differences between the cadmium-shielded and the
unshielded gold detectors.

(U) Since the thermal-neutron-flux values are not available, and thne
effects of the difference in the positioning of the neufron and gamma
packages in the pods and the effects of the shielding material are not
known,the gamma results have not been corrected for neutron and shielding
effects. The uncorrected gamma results are presented in Tables 3.126,
3.127, and 3.128 and the curves of gamma-dose-times-slanf-rangs-squared
versus slant-range are shown in Figures 3.2%, 2.9% ani 3.96.
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Gamma Dose X Siont Range Squared (r yd?)

Corrected

OPERATION SANDSTONE B
Shot Yoke -

10® i 1 1 I 1 { 1 1 1 1
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Figure 3.2 g«R() Operation Sandstone - Shot Yoke - Corrzctied
gamma~dose-times-slant-range-squared versus
slant-range (U).
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Road) - Uncorrected gamma-dose-times-slant-
range-squared versus slant-range (U).
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Pigure 3.22 {S>RN). Operation Tumbler-Snapper - Sho%f 2 -
(Tumbler II) - SCEL corrected garma—
dose-times- slant-range-squared versus
slant-range (U).
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Figure 3.23 ({S>RQ) Operation Tumbler-Snapper - Shot 3

(Tumbler III) - SCEL Corrected
gamma-dose-times-slant- range- squared
versus slant-range (U).
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Figure 3.24 (3=RD) Operation Tumbler-Snapper - Shot k4
(Snapper I) - SCEL corrected gamma-
dose-times-slant- range—squared versus
slant-range (U).
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Figure 3.25 (S-mB). Operation Tumbler-Snapper - Shot
(Snapper II) - SCEL Corrected gamma-dose-—
times-slant-range-squared versus slant-rangs (U).
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Figure 3.26 (B< Operation Tumbler-Snapper - Shot 6

(Snapper TII) - SCEL Corrected gamma—dose-—
times-—slant-range-squared versus slant-rangs (U).
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Figure 3.27 (RD) Operation Tumbler-Snapper - Shot 7
(Snapper IV) - SCEL Corrected gamma-dose-
times-slant-range-scuared versus slant-range (U).
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times—slant-range-squared versus slant-
range (U).
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Slont Ronge Squored (r yd?)

Corrected Gommo Dose

0
10 T T

OPERATION UPSHOT - KNOTHOLE
Shot 2 (Nency)

N
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\B Slant Ranna  {vd )

Figure 3.31 N) Operation Upshot-Knothole - Shot 2 (Nancy) -
Corrected gamma~dose-times-slant-range—
squared versus slant-range (U).
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Uncorrected Gomma Dose x Slant Range Squared (r yd"')
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Figure 3.32 (SRQ) Operation Upshot-Knothole - Shot 3 (Ruth) -

108

Uncorrected gamma-dose-times-slant-range-
squared versus slant-range (U).
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OPERATION UPSHOT - KNOTHOLE
Shot 5 (Ray)
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Figure 3.33 (SSRD) Operation Upshot-Knothole - Shot 5 (Ray) -
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Corrected gamma-dose-times-slant-range—
squared versus slant-range (U).
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Slant Ronge Squored (r yd?)

x

Uncorrected Gammo Dose
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O
Figure 3.35 M Operation Upshot-Knothole - Shot 7 (Simon)-
Uncorrected gamma-dose-times-slant-range-
squared versus slant-range (U).
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Figure 3.37 (S- Operation Upshot-Knothole - Shot 9 (Harry) -

Corrected gamma—dose-times-slant-range-—
squared versus slant-range (U).
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Figure 3.40 TSEFDQ Operation Castle - Shot 3 (Koon) - Gamma-

dose—-times—slant-range-squared versus
slant-range (U).
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Figure 3.50M) Operation Teapot - Shot 10 (High-Altitude) -
Partially corrected gamma—dose-—times—slant—

Slant  Range ({yd)

range-squared versus slant-range (U).
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- Shot 11 (Post)
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Figure 3.51XS=HB)~ Operation Teapot - Shot 11 (Post) - Cor-
rected gamma-dose-times—slant-range-
squared versus slant-range (U).
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Figure 3.53 (2~8D}) Operation Teapot - Shot 13 (Apple II) -
Uncorrected gamme—dose-times-slant-range-
squared versus slant-range (U).
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Figure 3.54 (5=53)
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Operation Teazpot - Shot 14 (Zucchini) -
Uncorrected gamme-dose-times-slant—range-
squared versus slant-range (U).
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Uncorrected gzmma-dose-times-slant—range-
squared versus slant-range (U).
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Figure 3.56 (SRD) Operation Redwing - Shot Zuni - Uncorrected
gamme~dose-times—slant-range-squared versus

slant-range (U).
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Figure 3. 63 (S-RD) Operation Redwing - Shot Tewa - Uncorrecte"

gamma—dose-times-slant- range-squared versus
slant-range (U).
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Figure 3.64 (T=RP~ Operation Plumbbob - Shot Boltzmann - Uncor-
rected gamma~dose-times-slant-range—squared
versus slant-range (U).
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Figure 3.65 Operation Plumbbob - Shot Franklin -

Corrected gamma-dose-times-slant-rangs-
squared versus slant-range (U).
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Figure 3.67-8~FP) Cperation Plurbbob - Shot Priscilla -
v Corrected gamme-dose-times-slant-range-
squared versus slant-range (U).
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Figure 3.69\(‘Ss~B.QL Operation Plumbbob - Shot Diablo - Uncor-
rected gamma-dose-times-slant-range-squared
versus slant-range (U).
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Figure 3.707{8=RB)- Operation Plumbbob - Shot Kepler - Uncor-

rected gamma-dose-times-slant- range-squared
versus slant-range (U).
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Figure 3.72 Operation Plumbbob - Shot Stokes - Corrected

gamma-dose-times-slant-range-squared versus
slant range (U).
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Figure 3.74 TSSRR) Operation Plumbbob - Shot Doppler -
Corrected gamma-dose-times-slant-range-
squared versus slant-range (U).
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Figure 3.75 (3>RB)_ Operation Plumbbob - Shot Franklin Prime -

Corrected gamma-dose-times-slant-range-

squared versus slant-range (U).
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Figure 3.7673'?1&9.)\ Operation Plumbbob - Shot Smokey -
Corrected and Uncorrectzd gamma—-dose-
times—slant-range squared versus-slant
range (U).
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Corrected gamma-dose-times—slant-range—
squared versus slant-range (U).
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APPENDIX

(U) The following example of the calculations that are necessary to
correct the gamma dose data, is taken from the Shot Hood (Operation
Plumbbob Sﬁfta at 1119 yards slant range.

> 1. To obtain the gold-neutron correction the thermal-neutron

sensitivity of the 58 film (Table 2.3) is divided into the gold-neutron
fluwr:

3.59x10'% n/cm®

= 407.6r
8.8x10° (n/cm® ) /x
Q)

“TS=RD)_2. To obtain the fast-neutron correction, the fzst-nesutron

sensitivity of the 548 film (Table 2.3) at 1 MeV is divided into the total
fast-neutron flux as represented by the Pu neutron flux:

il
=
(@]
Qo
~

1.04x10*® n/cn®
2.9x10° (n/cm® ) /r

= 3586r = 3590r

(U) Since the fast-neutron sensitivity for the 548 film was obtained
from a fission-neutron spectrum of average energy of 1 MeV in order to
cocrrect the film for fast-neutron effects, the averagé neutron energy of
the particular shot must be assumed to be close to 1 MeV. For those films
which have neutron sensitivities reported for a number of fast-neutron
energies, the neutron sensitivity at 1 MeV is divided into the Pu-U flux,
the neutron sensitivity at 2 MeV is divided the neutron
sensitivity at 4 MeV is divided _ and these resudlts are
summed to obtain the total fasteneutron correction.

(S-RD) 3. To obtain the shield (Emmett) correction, the gamma dcse
value for a thermal flux of 1x10'? n/en® in Table 2.4 is multiplied by
the gold-neutron flux divided by 1x10'2 n/cm?; the gamma dose value
for the 0.63 to 1.5 MeV interval is multiplied by the Np-U flux divided
by 1x10'% r/cn®: the gzamma dose value for the 1.5 to 3.0 MaV interval is
multiplied the gamma dose value for over
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(S/%D) 4. The gold, fast, and shield corrections are added and this

value is subtracted from the uncorrected gamma dose to give a corrected
gamma, dose: '

17,500r - (408 + 3550 + 1230) = 12,272r = 12,300r

(Szég) 5. To correct for the gamma attenuation of the shield, gamra
attenuafion factors for each shield type were calculated for gamma energies

of 1, 3, and 5 MeV using to calculate the attenuation factor. The

e "X
appropriate attenuation tactor for the slant range and shot yield was

multiplied by the corrected gamma dose to obtain the final corrected
gamma dose:

12,300r x 1.14 = 14,022r = 14,000r.

(sAD) 6. To save time, "magic numbers" which are the soil gamma
dose for 1x10'? thermal neutrons perrsquare centimeter and for 1x10'2
fast neutrons per sguare centimeter were calculated for Nevada-type soil,
coral, and water using the methods outlined in Reference 5. To calculate
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the soil contribution, the thermal "magic number" is multiplied by the
thermal-neutron flux divided by 1x10*® n/cn? and added to the fast-neutron
"magic number" multiplied by the fast-neutron flux (Pu) divided by

1x10%2 nfem®. This result is multiplied by k using the formula:

1.k = J/R-1
JR + /3 cos B

where © = angle between normal to surface of ground and path of neutron
beam from point of detonation

gs

Ca

R =

where

Cg = microscopic scattering cross section of soil
O, = microscopic absorption cross section of soil

and then multiplied by the build-upvfactor for soil.

The constants for Nevada-type soil are:

Thermal "Magic Number" = 523r

Fast "Magic Number" = 351r
/R = 8.17
Build-up factor = 1.3

.‘ 1012 3 . 1] 13 2
| <§23r x 3.59x n/cm :) + <§6lr « 1 0Lx10™® n/em®
1x10°% n/cnf 1x10'2 n/en’

1878r + 3754r = 5632r
500 yds

cos ® = " = 0.447
1119 yds

1-k = 7.17 - 7.17 - 7.17

= 0.802
8.17 + /3 x 0.h4k7 8.17 + .773 8.943
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k = 0.198

5632r x 0.198 = 1115r x 1.3 =14L49r = 1450r which is the soil contri-
bution.

(U) To correct the burst conditions to standard air density the
following formulae for correcting the slant range and dose must be used.

Standard density, pg, is defined as 1.293x10-3g/cm’, the density of dry
air at C°C and one atmosphere pressure.

The corrected slant range, Rg, is given by

P
Ps

and the corrected dose, Ds’ is given by

2
Ps .
Dy = D

with p/pg given by

' P, |
p/as=o..269T—(cc,-c1 +G -C *+. . .)

where Cy = 1 '

C; = 1/2(0.269x10~° p, g y/T)

C; = 1/6(0.269x10- o g y/T)?

C3 = 1/24(0.269x10= p, g y/T)°

éo = pressure at the detector, mb

g = acceleration due to gravity, cm/sec’

'y = height of burst, cm
T = temperature, °K

(U) The slant range and dose-correction factors were so calculated
by approximating p/p, via the parameter y/t that only those C's whose
values were equal to or greater than 0.0l were included. Inclusion of
only C, assumes, in effect, a constant density between source and detector.
Inclusion of.Cy and C; assumes a linear variation in density with height .
between source and detector. Inclusion of all the C's assumes an ex-
ponential variation in density with height.
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(U) For the Teapot and Plumbbob series where both the ground and
burst conditions are available, the correction factor is given by

p/pg = 0.269 (2&+ B >

a T'b
where

ground conditions
burst height conditions
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